Background Intracranial pressure monitoring is commonly undertaken to assess and manage acute patients following head injury. However, ICP monitoring can also be a useful diagnostic tool in the management of CSF dynamics in elective patients. To date, there is little published research to suggest how long these elective patients require ICP monitoring in order to gain an accurate picture of a patient's ICP dynamics. At the author's institution, a minimum of 48-h data collection is currently undertaken in patients with a suspected ICP abnormality. Methods A retrospective audit was undertaken comparing overall median ICP and overall median pulse amplitude data at three time points, 24 h, 48 h and total time analysed (if longer than 48 h). Paired T-test was used to assess if there were statistically significant differences between 24-h versus 48-h monitoring and total duration of monitoring. All patients admitted over a 6-month period for ICPM who met the inclusion/exclusion criteria were included. Results Eighteen patients met the criteria. Median age was 45.8 years, range 22-83 years, 12 female and 6 male. No complications were experienced as a result of ICPM. Diagnosis included NPH, IIH, suspected shunt malfunction and Chiari malformation. The results demonstrated that there is no statistical difference between 24 h and 48 h or longer for both overall median ICP and pulse amplitude. Conclusion The results of this study demonstrate that ICP monitoring of elective adult patients using a Spiegelberg intraparenchymal bolt for 24 h gives an accurate picture of a patient's ICP dynamics compared with longer periods of monitoring.
Introduction
The importance of intracranial pressure (ICP) has been discussed in length since the concept was first documented by Alexander Monro [14] . This theory was expanded on, initially by Burrows [3] and subsequently Cushing [4] . This is now commonly known as the Munro-Kellie doctrine [13] and describes that, with an intact skull, the volume of CSF, brain and blood is constant; subsequently an increase in one substance should result in a decrease in another. There is a point at which increases in volume will result in an increase in pressure, which is observed in the pressure-curve index [11] .
ICP monitoring (ICPM) was first documented in 1960 [12] and is commonly performed today. Intraparenchymal monitoring is known to be an accurate way of measuring ICP and more accurate than a lumbar puncture [21] ; the gold standard remains intraventricular via an external ventricular drainage system [19, 22] . However this has greater infection risks [5] . Non-invasive measurement techniques exist, but these lack the precision of ICPM [17] . ICPM is found to be beneficial to patients with CSF dynamic disturbances as it can prevent unnecessary operations [17] . ICPM has relatively low infection rates, with intraparenchymal infection rates ranging from 0 to 4.4% in documented elective cohorts [6, 8, 10, 15, 16, 18, 20, 21] .
At our institution we use the Spigelberg intraparenchymal bolt (GmbH & Co. KG) for ICP monitoring. This is favoured primarily because of its zero drift during prolonged monitoring and because the pulse amplitude can be analysed from the results. Some other bolts are known to drift [2, 9] resulting in progressive inaccurate readings. Therefore prolonged monitoring can experience inaccurate readings over time depending on the bolt being used [1] .
ICPM is commonly undertaken in acute presentations, often after traumatic events. However, there are a population of complex hydrocephalic patients who experience symptoms associated with shunt dysfunction or malfunction without acute neurological deterioration. In this patient group, ICPM can be a useful tool in the diagnosis and predictive value of future surgery [18, 20] .
There is currently scant literature surrounding the duration of ICP monitoring required to gain an accurate picture of a patient's intracranial dynamics. The published literature suggests a range of elective monitoring between 8 h and 72 h [6-8, 10, 15, 16, 18, 20, 22] . It is understood that ICP changes depending on the level of exertion, medications, positioning and body mass size. Therefore looking at a brief period of monitoring may not give the full picture of a patient's intracranial pressure.
Our own practice has been 48-h monitoring for elective cases. We sought to validate this practice by analysing retrospective patient data.
Methods

Study design
A retrospective review of all elective ICP-monitored patients over a 6-month period was conducted (Fig. 1 ).
Ethics
Local permission was granted from the departmental research governance lead. The project was deemed to be a service evaluation and thus a full ethics application was not required.
Participants
Inclusion criteria included patients with an ICP monitor inserted between February 2014 and August 2014 without any exclusion criteria. Exclusion criteria included any patients admitted acutely, those who underwent bolt insertion under general anaesthetic, patients undergoing CSF shunt adjustment during monitoring and patients who had changes in selected medications (such as acetazolamide) during or immediately prior to monitoring. All of the above were deemed to either affect/change ICP or be unsuitable for reduced monitoring periods.
ICP monitoring
In our practice, ICP data are recorded by connecting a Spigelberg ICP bolt to a Spigelberg ICP transducer. In order to record these data, the transducer is connected to a laptop with Spigelberg registered software. This records the median overall ICP, systolic ICP and diastolic ICP every minute. These data are then processed via our in-house spreadsheet summary software (see Fig. 2 ).
ICP duration data
Patient data were split into three time durations: (1) total duration of monitoring, (2) 48-h monitoring and (3) 24-h monitoring. We compare median ICP and median pulse amplitude over each time period.
Diurnal and nocturnal data
Diurnal versus nocturnal data were analysed to see whether there was any significant difference between these data with 24 h vs. 48 h and versus longer. Diurnal data were defined as from 12:00 to 16:00, nocturnal data from midnight to 06:00.
Statistical method
In order to assess for a significant difference between 24-h data vs. 48-h data we performed a two-tailed paired T-test. This test was repeated to compare 24-h data vs. total duration of monitoring data. Tests were re-applied to compare diurnal data sets between durations and again for nocturnal data sets. Each comparative test was labelled (i.e., pair 1, pair 2) (Fig. 1) . To correct for multiple comparisons (14 tests in total) the Bonforroni correction was applied, with α = 0.05. Therefore only p values of less than 0.0036 were considered significant.
Paired repeated measure (RM) ANOVA with a GeisserGreenhouse epsilon correction was performed to compare all three groups overall.
Excel (Microsoft) was used to process ICP data and statistical tests were performed on GraphPad Prism 6.0c.
Results
Participants
Eighteen patients (12 female and 6 male) met the criteria over a 6-month period. Fifteen patients were excluded as they did not meet the criteria, mainly because of shunt adjustment during the monitoring period (Fig. 1) .
Demographics
Mean age was 45.8 years (range 22-83 years). Median duration of monitoring was 66.5 h (range 48-130 h). Patient diagnosis included IIH (7), Chiari malformation (type 1) (3), secondary hydrocephalus (2), congenital hydrocephalus (2), ventriculomegally (2), chronic headaches (1) and iNPH (1) . No infections or other complications were observed following ICP monitoring. 
Duration of ICP monitoring
There was no significant difference between 24-h monitoring versus 48-h monitoring of median ICP (p = 0.172) or 24-h monitoring versus total duration of monitoring of median ICP (p = 0.184), nor among all three groups (p = 0.95).
Likewise, for pulse amplitude there was no significant difference between 24-h monitoring versus 48-h monitoring (p = 0.085) and 24-h monitoring versus total duration of monitoring (p = 0.153), nor among all three groups (p = 0.94).
Diurnal vs. nocturnal analysis
There was no significant difference for either median ICP or median pulse amplitude when comparing diurnal vs. diurnal and nocturnal vs. nocturnal data at day 1 (24 h), day 2 (48 h) or longer (total) (diurnal ANOVA p = 0.67, nocturnal p = 0.80).
When comparing 24-h ICP monitoring vs. diurnal monitoring (within 24 h) there was a statistically significant difference (pair 13, p = 0.001). This result was found again when 24-h monitoring was compared to nocturnal moniting results (within 24 h) (pair 14, p = 0.001) (see Table 1 ). Fig. 1 Flow chart of patients recruited and subsequent data comparisons for median ICP and pulse amplitudes. Numbers correspond to the paired analysis presented in Table 1 Clinical outcome
As a result of ICP monitoring, eight patients (44%) had no further intervention, four (22%) underwent shunt insertion, three (17%) underwent shunt valve adjustment, two (11%) underwent surgical shunt revision, and one (5%) underwent insertion of a venous stent. The patients who underwent no further intervention were referred to headache neurologists for 
Discussion
This study has demonstrated that ICP in elective non-acute patients is a safe and effective procedure. The data have provided evidence that data collected at diurnal and nocturnal variations are consistent over 24 h compared with 48 h or longer. However, as these data are significantly different from the overall data; careful analysis should be undertaken when reviewing purely diurnal or nocturnal data. Diurnal and nocturnal data are typically different as patients are generally more recumbent and horizontal overnight resulting in higher pressure. Other factors such as hypercapnia can also raise ICP. This raises the possibility of future day case admission for ICP monitoring.
Conclusion
A period of 24-h ICP monitoring is an accurate diagnostic option in patients with suspected ICP abnormality as it has a low risk and has a good predictive value for further improvement post treatment.
Recommendations
The authors recommend further research be undertaken to assess whether less than 24-h monitoring can give accurate results.
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